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Abstract 



A seamiconductor light emitting device comprises: a substrate; an n-type layer provided on the substrate and made of a nitride 
semiconductor material; a multiple quantum well structure active layer including a plurality of well layers each made of InxGa(l-x-y) 
AlyN (0<=x, 0<=y, x+y<1) and a plurality of barrier layers each made of lnsGa(1 -s-t) AltN (0<=s, 0<=t, s+t<1), the multiple 
quantum well structure active layer being provided on the n-type layer; and a p-type layer provided on the multiple quantum well 
structure active layer and made of a nitride semiconductor material. The p-type layer contains hydrogen, and the hydrogen 
concentration of the p-type layer is greater than or equal to about 1x1016 atoms/cm3 and less than or equal to about 1x1019 
atoms/cm 3 
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«E*J«?#F*JKaM©±fc**S*u g{b%* 

t, j£jg££ ftfc p £» 4: **** 
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20 #*&H«fflttft& #8!llll«*T?MOCVDiS 

[0 0 0 4] III - VJJU*fc«*'fb'&«¥*flM0tt 
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tz&mvmmMiiZGL, But3nsJi©±t3«B$nfe 



(3) *$|fl2 0 0 1 - 2 9 8 2 1 4 

4 

ms/cm 3 fel±l x 1 0"at oms/cmWS 

[0 0 15] Huf3p£UffcfcMg7c5&&^ iiiBpMS 
£^l;ft3Mg5Gfi?©if*tt, 4xl0"atoms/ 
cm 3 tLLl x 1 0 !1 atoms/cmWffc-3ti 
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[0 0 2 7] W±fflJ;^ft*»?iI : St7 7-f T« 
«10±mm UT#XfctaSS#;*©3:i;T-, 
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[0 0 2 8] SI^«&#j£*bfc'7^£2#S!lb, - 
^OiAKnSn^i' h)f 1 2#gffi-r£3;T-:n>.y 
^>^Sr=frV%, nl3>^^Ml 2©SlBfc, Au/ 
Mo©nM®gll 6£ff£fi£b, pS3>^^bJ115© 
Au/N i©p§i®gil 7 ZWtl&t&Zlilzj: 
L EDI? 1 iPftffi.^ tltzo ZZX\ l"Au/M 40 
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[0 0 2 9] LEDi?lli, fg«;m?SE2 0mAT-^ 
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f|iffy;3. 3 Vfifc-pfc, LEDi?lSi& fgtt 
«Sit2 0mA©fffT^ 1 0 0 0 B£RBiiSt£i&£fT^ £ 
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bT*jf£*x, GaN mitm^mm &t>Mf&ztitz 
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Mass Spectrometry) SISCifl, L 
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[0 0 3 2] E2t±, S IMS8!l5£tCit>$iJ5££;h.fcfS 

hjf 1 5©Mg?&K{i7x 10"at oms/cm't 
fcS, *«iSli2xl0 18 atoms/cm s T'3& 
£>„ nln^^M 1 2 ©TkfgiSgtt 1 x 1 0 

1 7 a t o m s / c m 3 ©tfcffifBfm~FT-as. £ d £ WIM 
bfc. i^©LEDif$^St5fcfi)^:i±^ 
pl3>^^Ml 5©;d<if&?ftK& 1 x 1 0"at om 
s/cm 3 JiJLtl x 1 0"at oms/cm'Kms 
dfc#$?£L^<, ££, Pl3>^^ hJg 1 5©Mgii 
ffifcfc, 4 x 1 0"at oms/cm 3 tt±l x 1 0 21 a 

^^7 b«l 5 4i©Mg?ae*s«<^^i:, Pl3>^7 
h» 1 5*©2k^SS ; fo^<*^T U*V\ £?£b<E: 

[ 0 0 3 3 ] *$mWT-tSL, pM:n>*<7 r-Bl 5#fi£ 
AT ZMVfcmtPPifDjSXfplZ&tf 0 . 7 

bu-tzt, pM3>^7M1 5 ©7*Sli&K;WJ> b 

n>^<7 hji i 5*©*m (®@*^) 

(t?.^*©«Jgt:*Jail-rsc:i:tiJ: pM3>^^7b 

TJX^tC^ttSm^ff©^^^?.!^^* 5 , 0. 0 

0 0 0 1%&L± (7. 6x1 0" 5 T orrMi) 1 %U 
T (7. 6TorrJWT) -efeix«> pl3>^7M 

1 5©zk*S*fi4x 1 0 18 at oms/cm s WTt- 
feSCttffJB^bfco &43> SJ5*Pp3©^X(t>t43tti. 

^©iftK^fijew-rsftfctJCs fe^v^^±, ^*©ms 

^> ttHt« ^-y>, co, co», No#xmio 2 <Dm 
m.(D'piz< tt> i^wncti:<totfe, pi3 
>^^7 b»i sw^^ie^jffli-r^ch^-c-g^o 
[0034] )m.m i i: bt, ±m vtzmmxtetmrn 

©^iEfi73«$rfflV^T, rSiSSl 3% In 0 . asGa 

o. esN : Si©#S (Sli2 0nm) IC L&LEDi? 
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SffcJSbfe. S IMS«l«*ffofcfgjR, tiMmi<DL 
EDI?©pi3>^^ bm<DMgm&l£7 x 1 0 19 a 
t oms/cm 3 T-7jc^ii I K(i2 x 10 18 atoms/ 
cm'fSOv E2ic^}x5S IMS7"D7T-r;i/i: 

fi4 7 0nm. HK1. 5cdT% ftflMIBEI*3. 3 V 

[0 0 3 5] it&m 2 i: bt, #JlS?#P#lj§*S«EJa 
1 3©j5S,filS!Pg^T-ttLED^l fc|5]«l©figfi^i£S 10 
ffl^TPWCjjtfiSt, #®S^#P«jg?Stt» 1 3fi5c 

zkJSfc^D A 1 o. i G a o. oN : M gOMftWiiUB 

14£20nm, pS3>^^M1540. 3>umfig, 

a*8 0 0 *CT* 2 O^^T^— ;v*fT-5 C htCt t» p 

ma>*t? vm i 5&fi»*wbi/fc. 20 

[0 0 3 6] mT--)V(D'& SIM S««*ff -=> &IS 

pi3>^^M15CMgIStt7xlO"at 
oms/cm 3 tN 7k^?SJS«i6 x 1 0 1B at oms/ 
cm'-CfcS^fcaHpJIHLfc. JtfR0!2©LED^>:7 
©M8E**j£UfctS*x re»)*«SE2 0mAT?^«?«4 
7 0 nm, Wft 2 . 6 c dt% Sj#Sffit± 3 . 7 Vfft 

[0 0 3 7] it«gc#J3i:bT. itttftl 2 i: POti© 

^ffiSffiffiUT, iSttJBl 3£Ino.3 6 Ga 
o. , 5 N: Si ©#« («* 2 0 nm) t: bfc*?£#®J 30 
U it«e^J2fc|lI«t|^T--;^LEDv>7-$#^ 
bfeo f^Tci-;i/«S IMSH**ffofcfg** pf3 
yfZVmi 5©MgjUS«47 x 1 0"atoms/c 
m s -e7k^?Sfi(i6 x 1 0 ,8 at oms/cm'fttWJ 
3^|l)«T-&ofc„ Jt$50« 3 ©L E D >:/©»& 
JgbfcSSS, IE»mSS2 0mAtMSft4 7 0 nm, 

ntfti. 2cdT% fmnsjAz. 7v?$ofe, 

[0 0 3 8] H3UU laS^lCLED^l^^^lfc 
S^l~3©LED^?©ii*tm (i— 3»iO i^m 

s^i-. iooo mmmmiPitmm 2 © l e d m^© 40 
m^-t^&mm 1 &> 100 o^Mm«©»s©i£ 

T#^e>*v3o iiiW*l/T, HSE«»J1©LED^1 
fttl 0 0 0l$[gjI»*£©f?J£©<£T#ji.?>aT.^\ 
l^KDLED5it?#3tJil£:h.Tl^e USS^ 1 ttfc«t^J 1 
fc-Sitttr*^ pSn^^ hill 5tp©2kimS£: 

C7*;tV> 5. 

[0 0 3 91 S4 (a), (b) , (c) SiV (d) 50 
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^#F«>§«tt/l*©#F«C*fjSU IngJg©S© 
SB#I±, ^Jlfi?#P«BtSttBcf©»Sllt^bT 
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<fct)jfcj&bfc. 05 £7js£*xi> pStffin?: 
Au/Pdtci^^bfeW'&ttts pS3>^^H 
1 5 fp<D7k^m&ifi 1 x 1 0 1B at oms/cmW 
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<7 h« 1 2£fi£ft£-g\ ^©^, ^t'J/^.tlft 



(6) 

9 

xxizmz>m&mmfrE.%o . 7 tow m&Wim 

mSLO . 1%) tbTWf^OXgSfT^ClhtC«tt)LE 
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lVT-fc-pfeo 1 0 0 0l$IH:*--5>>^«©<l*ttB\ K 10 
iiI2 0mATM«E54 7 0nm, »JS 2 . 4 c 
d, Nrf|MUEtt:4. 5VT*feofco d©J:-5t N 100 
0^^-^>^«CH;, ®«©<£Ti:lM£«E©±# 

h&ft-btitzo mmm.ffi2 omAs- sicgot 

V^©T% »f^*ff*s±#1-5^fc^ *?©Saa*«± 
#bfc;L££^bTtA£o 
[0 0 4 3] pflO^^liCOift^CL- 

3, nM3>^^ b« 1 2®zk*iSje* s l x 1 0 l7 at 
ois/cm'ttlCl^ i-^></©P8^ig^?> 20 
iME^lfb^ 10 0 OttHsL— 3?>jrffcCttJR? 

lf^© L E DI? f fctoCli, ni3^^ 
h» 1 2 (nil) ©zksHitStf 1 x 1 0"atoms 
/cm 3 WTT-fe5C fcAWI; bV>o 

[0 0 4 4] ^lC^S ft L EDS? 

1©pI3>^^ Mil 58u #Jf g?#F?r£t4Jf 1 3 

• v>±tzm&ffiitm i 4^^bT*B^nTv%2»c 
»k pi3>^^ bsi 5<p(Dm , g7km&%>mm?#p 30 

fStt JS l 3 tffiffic U ^Sft? #pS14B 1 3 #&-fb-r 

^e>tisfe©tti N m$m±mi4: (Alburn) 

[0 0 4 5] #pjl©fflj&fci:l n„. 36 Ga 0 . « S N 

*§J&{±> -fiSt, «In I Gai,.,-„Al I N (0 
^x, 0 gy, x + y<l) T**t>^nSo PftSJKDffi 
jEjg*>GaNKPge>*vr, -«C, tf&ffcSI n„Ga 
( i-.-t)Al,N (0|s, O^ts s + t<l)T**fc> 40 

[0 0 4 6] W&&Vy74T (0 0 0 1) C® 

Affl, M®1t7 7"r^S«^fflVN 

fc^o MBESiCtD^nfcLED^f*), jffig 
©fiT©«il±a3 fc|S]«T-fcofc. 
[0 0 4 7] ^©.totc. #fgS§fcJ;ftfcf, i^ftfigft^ 

fi#ig«HCffilflP;**V «##©LED^?^3l^n 50 
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[0048] (S£flS0)j2) *&w<Dmmm2£L-c, G 

aN£S±©|g^^^-h* (LED) ©ffil^^t". 
[00 4 9] I6tt, *&W<Dmmm2<DLEDm?-6 

0 l©Bf®EIT-fe2.. LED^?6 0 Hi, WTC*$ 

[0 0 5 0] *77Y T (0 0 0 IB) »K±C;W P 
KVPEffiT-3 0 0/zmlCGaN : Si*>&;&£ 

tCiOGaN (0 0 0 1®) MS 4 0#f# fcftfc. G 
aNSS4 0±C«£EMOCVDiS*fflV^t3S«««l 

1 0 O'CfGaN : Si©nS3>^^ h)14 1 £ 1 jj. 

[005 i] mz&mum^i 6 o*ck:t^-b-> 

VT^**«ttF*«^JB©^r';>^X*gSRC:«J») 

In 0 . 3S Ga,. es N:Si©#pl (If2n 
m) jfcitfGaN : Si©pfSJl (if 4nm) ©4MI 
«BO**« ; ?#F«JSStt»4 2 4fi£ft$-a-, 10 0 0 
•CT-Alo. ,Ga,.,N: Mg®**BB$itJ| 4 3$ 2 0 n 
mj^ft^-e-feo 1 0 5 0'Ctc±#$ 

-g\ GaN : Mg©pi3 >£^t-Jg44£0. 3/zm 

«D**TS JS^©»R*flE»TSfTofe. 3©^©» 
««K»Ta«Hu 1 0 -C/m i ntiJ bfc. 

[0052] GaN (GaN: Si) 0©^® 
Ti/Al©nSfi4 5SMU p^3>^^ 

HB4 4©«iBtC % Au/Pd©pMlt46SML 
fc. 

[0 0 5 3] C©J;^tC#fig$nfcLED^?6 0 1 
ii> Eft«iS2 0mAT««4 7 0 nm, »«3. 
3cdT-Mbt. £©i:£©iW£«JEtt3. lVfS 
•ofeo 

[0 0 5 4] ettt%2 0mAtLED«f6 0 

iffli o o omm&m.imi*ff-otz£z.?>. iooob# 
[0055] s iMswfe&£*)Mgmjg.t7mmmt: 

©Sffi^frofeo -e©^S, pS3>^^M44©M 
git»£9 x 1 0 19 a t oms/cm 3 T-&»K zkiKfi 
tli3xl0 ,, at ois/:m 3 f^f:. nS^> 

Ml 4 l©7k^S«ttl x 10"atoms/cm 
3 ©^aiPS#felTT-feSCh*s*iJB^bfe. pl3>^^ 
Ml 4 4©MgSJ8#9 x 1 0"at oms/cm 3 © 
£§€k ^^«^©S«iaKI^TSftds 2 5-C/m i n 
WTT-fetv«pS»4 4©**SS(i4 x 10 ,8 at o 
ms/cm 3 fclTT-&3£h#£JBJib&. C1©SIMS 
SIISB:, nMm«!4 5J3«ttFpMS«14 6S)fM-ri»HU 
© £ x ; % £ Jf V> T fT o . 

[0 0 5 6] |ESi6fi?!l2©LED^?6 0 1 tt, tSttJi 4 
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2 ©§IJP# L E D^©#^fcr#x. S&g&SS^S 
«). rSttJf 4 2 *©#Pl© 1 S©MP£ 1 ~ 5 0 nm 

[0 0 5 7] Jt«{0!l 1 ®^^^^*WTt^^n?.^iS 

Ga,. ,N : M g ©^SBBfilUi 4 3*J6fc**-*^ pf^ 
>*<7hJf44£0. 3//mJ5KS?^fc= *?«IJtJ«fi 

m&TZftitzo cti{±^*©^ji**'r-fci)o &4b\ io 

tbie^J 1 ©«*JH?t>x fSfSJl 4 2 #©#;3»© 1 S© 
1 ~ 5 0 nm*ftfl:$ttMLfe, 

[ o o 5 8 3 m 7 it, m&m 4 2 f©#Fi® 1 s ©bi 

ffCj^-r*. 1 0 0 0B#H««^©?!S?©ffi*r»K£^ 

ffl*f»SBu M«93J8©»ae£ 1 0 0 i: bfcW&Tf 
^t, S7^zrx#*ti>«t^C tfcgtfll 1 ©^^ttv fStt 
142 *©#PJf © 1 Jf ©Biff** 1 5 nmJWT©»-&fc 
SR^5&<b©S-&V>*s^§V>o CCDSR^Ybttx tJ^^M 
gfc©ffifCiC<t5t)©T-feSCi:AsS IMS##f£«fc t) 
fiUbfc. SQE#|2©LEDfR^6 0 lBu I 20 

iu *^^5iy f Mg©^s^c^i(^i:^^^me.^^^e^■ofco 

5llfi«|2*J:VJt««l©*?i:*K, ffittf4 
2 ©#fJI© 1 Jf ©BUS** 1 5 nmJ-M±©ig-&tI{i 1 

o o omm&n&(Dnm<Di&T&fr£>tiZo z.cowm 
rSttJi 4 2 (^©#p«© i mnmm&mim-r&h, 

ttJi<z)isjitt*«s&fl3-r*fe»T*s. 

[0 0 5 9] (g|fl60!i3) *^BJ©^ffi^J3 tbT, « 
D) ©^JS^-To 30 

[0060] E8tt, ^mm(Dmmm3<DLDm^s o 

l©BfBST-fe5. LDa?8 0 1lt jy.TK:^^ns 

[0 0 6 1] t77-f7 (0 0 0 1®) *«2 0±{C7 
6 T o r r ©8&E M O C V D i *) G a Nr? «s> 7 7l 
2 1 £*Ri&£5 5 O'Ct^I^t, Sffi&K 1 10 0 
•CT-GaN : S i©nfn>^^ M2 2£4/*mJs£* 
•£©&> *&Mfi8 0 O'CT* 1 n 0 . osGa 0 . ,s 
N : S i©*5s>*BS!t/f 2 3^50 nmfiKg^^ £ 
tg^e^Stfl 1 0 O-ChbT A lo. .Ga 0 . »N : S i 40 
© nS^ 7^KI24§0. 5//mJE!£S$^ GaN: 
SifflnS^KI2 5S0. 1 //mf&g^fe. C© 

^sra*-r-©^r-^ , ;7'^i;^^)i©>'^ , J 

[0 0 6 2] *©&, U T^^iJitFW^M©^^ 

tthWM (0 2 ) frEE&O. 2Torr (O 2 ?gjK0. 3 
%) ©IfeffTTN *«iSS£ 7 6 0*CtC bT I n 0 . osG 
a 0 . 9S N : S i©Ji£4 nmJ5;ft;*-tt\ -£©^ In 
o. l6 Ga 0 . 8 sN : Si©#Pl (If2nm) / In,. 50 
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osGao. mN : S i©»SJl (114nm) ©5JSJ8© 

&mm:?#pmmm&m 2 6 pair*? a 1 

0. iGao.iN : Mgffl»±l 2 7 4 10 nm^fiS 

[0 0 6 3] «J r^SVfit^lO^'/'J 

>^*^ftai*©**TJx S«SJg 1 1 0 O'CT-Ga 
N : Mg©pM#-f FJf2 8 4 0. MmM^t, A 
l o .,Ga».,N:Mg0pS^7S'fI2 9SO. 5 ,u 
mj&ft;*-e\ GaN:Mg®pS3>^^M30§ 
0. 3 jumf&&£-&tzo CfflioC, pli (p^^-Y 

KS2 8. pl^7? K«2 giJi^pM^y^^ hjg 
3 o) fe»jfR-j-*^?yrtt, i ioo*c© 

7J^hLT{i> ^U>7A^©7j<«^©^rS 

[0 0 6 4] *?*i&j&JHft^ s*6r«K2k*^tt 

#A-y-r»«?aK©»T4fTofco C©«t3Cv pMJf 
(P1MK12 8, P e7^b-I2 9i3WpS3 
>**bJI3 0) fcj&jfcbfcffefc* I777"f/'a«2 0 
©i&gfciU **3tf^ft**JfcV^*Hft*Tf 1 1 0 0'CiP 

'J>*< tfe*«M,K* s 4 0 O-CtC^T-rSST-© 

[0 0 6 5] *P*Jt:W*6bfc*:c^&2#fflU - 
^©■i7i7\CnS3>^^ Ml 2 2&mtti-$-?>£X-2 0 
0/zmgCX b v^f rttCx.s/^-i/^&fiV^ p^3> 
^^M3O©SICtiAu/Pcl0pSSi3 2£2 
/img©Xb7^7ttt:MU nS3>*^H2 2 
©*B£T i/Al©nSl®3 1 £ff£6£bfc. 

[0 0 6 6] LDI?8 0 lfciu ^tST-CW^S (c o 
ntinuous wave operation:! 
m%Wd bfc. C©^©b§V^mM»2 5mAT*$ 
5. b&V^fBmff{±5. lVfJofe. 

[0 0 6 7] H8tc^$tiS«td{c N ^^©LD*? 
8 0 1 (*«ft^7te^) yyrJ7&&2 0 (« 

bT«S^n, ftfl3«*«»4»&JBJEft*JxfcnfflJl (n 
f3>^i7H22 v nS^7v>y HJ12 4 43<tU t nM7J 
^h'I2 5) nSH©±C««$nfc#Sfi?#P 

rssjf 2 6 &mm?#pm&m 2 6 ©±cimbi8± 

127 47>bt*«$^ SMbftiNffripfeJe^iifc 
pll (pM7^-rHM2 8. pl^7>y FJ1 2 943<tt5 

[0 0 6 8] ^43, ^8(C^^tv?>LD^8 0 1 Bu 
^5>>^K5lhe2 3 4^T-v>S7y, CtttiV— if»fi 
©fc*!){z^«©^jiT-H:'5:VNo HM0!14T*^t-S^lT- 
<i, ^7 ^^B5±«4*^*^LD^©«ig^^ti 
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So 

[0 0 6 9] S IMSmfelZ*.*), LD^801©7k 

mmmtugmmtomffizn^tzo zosim 

S«£fc£, 2^bfc**^©ffcfrSJS^Tfffct>ft 

fco 

[0070] pmmv&mmm&s pswm pb 2 8, 

pg^y PJf 2 9s pl3>^^ hg3 0£&3x 1 
0"atoms/cm 3 fS!), Mgilii, pM#-f 
PA2 8, pf ^ 7 y KI 2 9i',tytpS3 M 
30i:fc9x 1 Catoms/cm't^L 10 

[0071] mmmi \z.3s»x±i&\,itwmtmbwm 

«S*HW»**c:i:fc«i*.-r, £j&8*A©:tf;*if>K:*l* 
Sft*s 4HL 3j-y>> CO s CO,, NO*itfNO, 
©aK©4>&< fcfc l-3&fflW1rZ£.£lCX.-oXi>, p 
£■ (pSWf-f PJi2 8» pS*7-yl«12mVp 

h»3 0) ©dcjMWESIBfPI-S 20 

ffttO. 3%T*feS. Sji&^ft©#X*t:}3[tSi?sK© 
«K*S0. 0 0 0 0 1 %fil± 1 %y.Tt-feia«> pMJg 
©7kiit«JKii4 x 1 0 1! atoms/cm'^5Ct 

[0072] jt««i©LD*?t»^j«ufc. immi 

©LDS7UU pSI (plStf-f PA 2 8s pSL*?y 
PJf 2 943Jstfp3i=i>** PJf 3 0) SrjEjEg-Ti.^© 

8 0 0U SlRiSS 10 0 %©#H^*t 2 0?>HT- 30 

ftfc. Jt^lCLD^t^igT-CW^StSdi:* 5 
WBSilfe. C©«fiKJ3B-«U*V^««*tt3 0mA 
T-&*)s LgVMWtffitt5. 7VT-feofc. &£s T- 
-;i/«fcJtttm©LDJ*?©pSUI©*JlHMEfcS I 
MS«3tfcJ:?)#RBSf 2xl0'*atoms/c 

[0 0 7 3] Jt««2©LD* : f*f^iabfc. it^0d2 
OLDfm «3tttfafi«3©LDJK?8 0 1 iiPM* 
T-&S#s pSJI (pSWh'12 8, pS^7fh'i 40 
2 9i5<ktfpg!n>*^ PJf3 0) ©**SJS(±8 x 1 
0 ls atoms/cm'aT (tfciiifl#MT) T-<65. 

jtern 2 © l d jn^fef&fcr s -kxttmgm 3 © l 

Dfg?8 0 1 tH«TJ*5. Jt©CT2©LD^?t)gm 

mAf»j^ b£VM»SEli6. 9Vt^L C©«fc 
-5Cs it«s03 2©LDj^(is SIS£^3©LD^8 0 
l^itftfcS^ 1 ©L Dm?*. *) * U*»ME #iS< 

[0 0 7 4] SttI264In,. ls Gao. e8 N: 50 
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Si (2nm) ©i|ijf tCbfcLD&^fcflUSbfc. rSS 

©*+'J7^i:UT*jRftffiV>fe»^-t»ajR*flilr>fc 

% V -If S&SJijg C e> * o 1t o 
[0 0 7 5] HJ£^J3, tfc««l*J;VJt««l2©LD 

s8?©as66Si5feffo&. 

[0 0 7 6] 09 (is 5»4fl*BB GMRM) t*f 

i-s utv^fflm^©SYbs^-r. u »^tt«at©fm 

tts LD*?©3Wb*5**"r-6. HOfi0i3©LDJ*f 8 
0 His 8 0 0 0 l*M©Mlft6 C W$Bfrr S d ictffit 
SSc?hfe. -S, 09Cjjs£tiS<fc-5Cs pM»©*JK 
?&K#2 x 1 0"at oms/cm 3 ffe5Jtltil© 
LDi?iil 0I^IH©3i«^lCSS?^#5&{bU pIl<D 
^fRStStfS x 1 0 u at oms/cm 3 tlT-C*5jt 

«m©LD*?a:i 5 o*H©Mtfc£*?y£fl.u 

tzo C©i?C s #»1!©3*M.0»3GDLD*^8 0 1 
(is I##03LDi? fc&oTV* 

So 

[0 07 7] HOtt, pl3>^^ o<D7k.mm 

g.iztt-?%LDm?8 o i©#^^-r. piti3 2 

©TOkbTAu/Pd, Au/P ti>itFAu/N i 
©380B*«v»fc. n31««3 l©*mfcbTB\ Ti 
/A l©#£fflV-.fc. 11 1 0 tC^Ts 8 0 0 0 

*>s 8 0 0 0»±©#^Sft^LDif) (is 8 

0 0 0lfcM©JWfr*#-f *LD*?£UTa*$ilTV* 
S. chfciu HI 0fcS%*n*«S5*— ^**»bfc«F 

^t-s ssscsfetfiiiSbTA^s o o o mm b^nsi b 

-tVNfcV-A^T-i&S. 5 0 0 0Bs5fflJil±©#i$r&*-f S 
LDfg?#&ffi testis. 01 OtCfcfcs 5 0 00^ 

mom^mm 1001 t-^-To 

[00 7 8] il0M^5i5t, pS»Si3 2© 
«^LD^?©*#C^lS<^-ri >0 pM«13 2 
©*mfcbTAu/Pd£ffi^fd®l!rs Pf^^^h 
S3 0©^SK#1 x 1 0 19 at oms/ci'W: 

1 x 1 0 "at oms/cm'lisT-^afejaJis 50 00 
«FlIBJM±©LD*^©#*3fl«JlJEai**i4. pSfffi3 2 
(OUnt btAu/NiSi^feS-&, pl3>^* h 
/f 3 0 ©;*:£©«# 3 x 1 0 l6 at oms/cm 3 feJL± 

6 x 1 0 ls a t oms/cmWt-$JlK, 5 0 00 
#mXt<DLl)m¥<D#4t&&&£tl*>. pSSfiS3 2 

©»**i:i/tAu/ptsfl.o>fc»^ pin^^h 

I3 0O*tiltiS4x 1 0 16 at oms/cm 3 «± 
5 x 1 0 1B at oms/cm 3 KJsT-efeniis 50 00 
tifm&±<DLDm?V>&fiiifi&J$.i!lxZ>o &:fcs 010 
bT±y> bfc3tllKKc;gv-> t> ftfc L D fg?0 p 
PS 2 9 ©zk«®ft©ffiS(is pl^^n 
A3 0©^jt*©^et|5jb8 x 1 0' s a t oms/ 
cm 3 fel±3 x 10"at oms/cm'HTT^of;, 
[0 0 7 9] 01 0 <fc^£s fiH^LDi 
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^ftgsw-sfcfcctt* pmm<D*.mmm& 1 x 1 o 16 

at oms/cm'J^Ltl x 1 0 19 a t oms/c m s jy. 

4 x 1 0 " a t oms/cm'tlllx 1 0 21 a t om 
s/cmH^TT-fcSCLfctfSFiibV^ pSftffflMg 

[0 0 8 0] JM3, pM»£^£:H3 3o©JI (pis!} 

S3 0) ©^:ft^nT-;4<fg©^#-&bT^i>-rtK 
!&^T:i±&^o 3o©Jf ©-^ft-em? 

IW*n* i: <^ 5 **iBO»jR* J » & 

[0 0 8 1] Ell 0*^4»5idC pill 

3 2CftAu/Pd*fflV>5Ckl»)f*lK cftfciu 

HW©«lK:JtS. pM«S3 2#;*S8fl?j& 

Sfcv^SMWM&feft*. pilffi3 2H:, mtSU ?Jc 
5&l?j$&JiI£-&irJf«i§£*bfes. asv^Hu pit 

[0 0 8 2] pl*5» PA 2 9©zk$R$ftKtC*f 

■r*LD*^<Z)#*©ffF«*ffotJ:C5» B10C* 
*n*W«i:H«©H«**»&nfc. pllt3 2©» 
<*fcLTAu/Pd*;svvfe»^ pS*5 5»F12 9 
CD^mmSti 5 1 x 1 O"atoms/cm s tti:l x 1 
0"atoms/cmWtoil, 5 00 0Wil 

±©LD*?©jww t a«*ft*. psaai3 2©*r«. 

h LtAu/N i pI^79HH2 9® 

^^6^3 x 1 0 "atoms/cm 5 ai6 x 1 0 
"atoms/cm'WTm^ 5 0 0 0B#l3«-t 
0LDf?©M#iiJS?h5<, pflMSS 2<Dtmt 
UAu/PtifflV^, pe?^ KB 2 9 
fRSKAMx 1 0"atoms/cm 3 fil±5x 1 0 1S 
at oms/c m 3 J&TFT?fc*U£, 5 0 0 0 BSF^feU:© 

[0 0 8 3] nil (nl3>^^H2 2 > nl^7 
y FJS2 443«fctFnS:tf-f Kg 2 5) ©zk^tmSfc L D 

1 0"at oms/cm'^T-ifc&ittfafibOo 
[0 08 4] EISfc^flSidKU LDHI?8 

AIS^T^S. C©Al©^JC«tt), pMJIf© 
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g2 7 (Al*dtrJI) ©SiPtts 5Am^5Ci: 
bV\, 

[0 0 8 5] &43* #pJi©M^{±I no. !6 Ga... s N 

i&U&fcJu H»C> 8dain,Gaii.,.x)Al,N (0 
gx, 0 gy, x + y<l) f*t)$t^. BSJIOfi 
j5fc*In 0 ..iGa...sNfc|Re>iv*\ -j&C* 
10 n.Ga u -.-t> AltN (0^s. Ogtv s + t< 
1) -C-ilfc>£tl5. 

[0 0 8 6] fUS0iJ3©LD}||?8 0 lTtt, ^7? F 
.If (nS^7«j/KB2 443J;tFpS^7^K)12 9) K 
A 1 0 . iGao. sN^fflV^TV^S A 1 ©}gg|£ti± 0 . 
lJCfil£*l&^o *fc> *^>.vKJf£:bT, A 1 G a I 
nN©S^* s fflVxf,ttT ; fo<fc<> AlGaN/GaN, 
A 1 G a N/ AlGaN, A 1 G a I nN/A 1 G a I 
nN> A 1 G a I nN/G aNf fflSWiltffflV* 
tVT-fo<tV^„ CCi^C, pi>7»l«129#Alt 
20 «rcfcfc«t?», jR#BI»ilJi2 7#Al**tr»^4:Hi 

**StM2 6fciJJfc-rs;ii:fc|«ihT?$S. *fc, n 
Ii»7si HJf 2 4 #A1 nl3>* 
* b» 2 2 ©&@*£*^Ji« i #P«3ii£«=Jf 2 6 tc 

[0087]SI11{±> pSSffiMggfiWtSLD 
*?8 0lO#^t„ pSiS3 2ffl^fcbTA 
u/Pd£ffl^fe. pSl©Mg»2xlO"at 
oms/cm 3 aJi2x 1 0 21 a t oms/cmW© 
30 pllffl*liliilxl0 18 atoms/c 
m 3 «±3xl Catoms/cmTOiSS, 01 
l*»e>4M)»3«fc3fc:* pa»©MffiiJ[* s 4 x 1 0"a 
t oms/cm'6l±l x 1 0"at oms/cm 3 KT 
■Cfcfttfx 500 0^J^±©LD^©#^ASjtfi£^ 

[0 0 8 8] (S«S0!I4) *^©Slfi6M4i:bT> G 
a NSt£±© L D m^om Ztf-To 
[0 0 8 9] Ell 2«u *^!8©jyi60fl4©LD^l 
2 0 1©illf$5. LDi?12 0 1li v filTC^ 
40 £ftS^ffiK£$mj££:fc,&„ 

[0 0 9 0] tt77-f T (0 0 0 1 tS) *£±CW K 
KVPESt3 0 0^mf©GaN : S iJKSJ$£ 
U flfgCJ:t)t77-f7«SSiSLfeGaN (0 0 

0 i is) s«5 o^f e.nto a«5 o±c, s^^aa 

1 1 0 0-CT-GaN : S i©nf3>^^ KJp5 1 £ 
0. 8,umJ&RSi*\ A 1 0 . ,Ga 0 . ,N : S i©nS^ 

KH5 2£0. 5AmS£l$t> GaN:Siffln 
KJ153£0. l/imM?tfe. C©MM 
£-?©** 'J hHm&M<0>V7 x ) >iri3Xh&h 
50 %(C7k*T-$>S. 
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[0 0 9 1] ^©^ ^r+UTtf^.fcU^Sjj^i/B©^ 

^msg^Mof^, mam&*7 5 o-cc 

bT I n 0 . ,sGa,. 88 N : S i©#F?Jf (ll2nm) 
/I n 0 . osGao. osN : S i©»MJI (JlJ¥4nm) © 
3 JS|JIB©#JIS^#F«igiS«:Jf 5 4 *J&*£-g\ HIS 
KfAlo.iGa,.,N :Mg<Dm&ffi±S5 5*1 On 

[0 0 9 2] ifetc^ **U7#*:fc.fctf;**&&«©>^ 
U >4fjtf*tt«*©**^ j£J«l£l 0 5 O'CfGa 
N:Mg©pI^HI5 6S0. 1 XimJ&R£-B\ A 10 
1 0 . iGa«..N : Mg©pS^7 9 KJf 5 7*0. 5/z 
mJ5g^^-&> GaN:Mg©pl3>^^M5 8S: 
0. 3/tmfig*$*fe<, ^©^©MJS^Prt©^*^* 
l*5S?5SS«S&0. 0 8%hbfco 

[0 0 9 3] ifefc, «fl«l#lMl/fc**^C2 0 0 
^mi©^b7^7ttlcnSa>^^ Mi 5 1 #gttJ-T 

fcrAu/Pd*>£>&5p3iS8i6 
'frttCMU nSGaN: SiSS5 0©IffitH: 
Ti/Al4>t,&5nStI6 l*Jfcfi£bfc. 20 
[0 0 9 4] ^©J;-5CbTSW£:ftfcLDfR^ 1 2 0 
lfcfcs ^ia-r-cw^bfc. C©^^43^2> b^V>{» 
mffi.&2 OmAfSD> b£l^teSJEtt5. OVCfco 
fc. LD^l 2 0 ig»S^3 5mAT-iim 

BEifeSfTo&ifcS^ 3I«W&» 1 0 0 OftNME&bTfe 

#^©LDm^* s ^a^t^TV^S^t^) s ^* i ofco 

[0095] ±jfibfc±-5c, afeK©w*M3j;wi!v^ 

(LED^SfettLDS?) i'MStlS. 30 
[0 0 9 6] 

H©*^Ki»©?SJS{i> 1 x 1 0"at oms/cm 3 
W±l x 1 0' 9 at oms/cm s WTlc$n5. Cft 

[0®©®#&!&IE] 

[0 1] *^©^J£^Jl©LED^l©KrBI2-C-& 40 

So 

[02] S IMSai^tiDlll^^nfe^^^fflM 
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[H 3 ] Itffi^J 1 © L ED^? 1 * ^Xfitmm 1 ~ 3 © 
LEDJS?©»mt«ifeliem*^-f-0T-feS. 

[04] (a) ~ (d) fcfc^*veiV *SH60y©LED 
5*?l:fc*.J:tFtfc$*0!l l~3©LED^?ffli- i?>^*U 
©*S14Jf ffljS© S IMS7'D7T'f;i'**1-ElT-fe?)^ 

(e) ~ (h) \±*fl*ti. *3«i«l©LEDjR?l * 
.fctfitigt^J 1 ~ 3 © L ED^f© 1 0 0 O^fffl^— *J > 

^©tsttJiw a© siMS7D77-f M^tia-c * 
lei 5 ] pi^ * vm 1 5 *©7jc*»Kt:*r-r 5 1 

[0 6] **B8©^flfi«l2<3DLED*? 6 0 l©lrBi 
[0 7 ] rSteJl 4 2 *<D#pm<D 1 Ji^JWPKWT * 1 
[0 8] *^CD^jte^!|3CDLD^8 0 

[0 9] oi-^>^^w gisism) Mt-rausH* 

[010] pS3>^^M3 0©*iiIWt§L 
[011] pSl©MgISMnLD^?8 0 1<D 
[0 1 2] *^B^(Z)^fS^J4a)LD*?l 2 0 1 ©BfB 

10.20 it^r^rs^ 

4 0.50 GaNSS 

11.21 rtyy-rM 

12. 2 2. 4 1. 5 1 nl3>^i^M 

1 3. 2 6. 4 2, 5 4 ^BM^#P«igStt* 

1 4. 2 7. 4 3, 5 5 fUmH&M 

1 5. 3 0. 4 4, 5 8 pS3>^^M 

16, 31, 45, 61 nmWm 

1 7, 3 2, 4 6, 6 0 pSli 

2 4, 5 2 nSS^^ry FS 
2 5. 5 3 nl^V KB 

2 8, 5 6 pSWM KB 
2 9, 5 7 pS^7^ KJf 

23 >?=>v>7m±m 
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